, and in the North Sea and western Baltic Sea (Köhn, 1996) . It is also recorded in the Atlantic Ocean (European and North American coasts) and the Pacific Ocean (west coast of America, Chile, Japan), (Crawford, 1937; Bousfield and Hoover, 1997) .
This amphipod is found in high abundance in shallow, brackish inshore areas and estuaries with high turbidity, (Muus, 1967; Sheader, 1978; Kevrekidis, 2004) . Furthermore, it has also been reported in organically polluted areas (Birklund, 1977) .
This species is the most widespread amphipod in Mediterranean lagoons, mainly in sheltered sites which are close to the sea and which have high salinity values (Procaccini and Scipione, 1992; Kevrekidis, 2004) .
The existing information on the life cycle of this species is mostly restricted to studies from north European countries (Birklund, 1977; Sheader, 1978; Nair and Anger, 1979) .
C. insidiosum is tubicolous and both sexes build tubes of mucus and detritus. This marine amphipod has been observed feeding on deposited particles such as detritus, protozoans and diatoms (Dahl, 1973) , but it mostly acts as a suspension feeder. It constitutes a food source for shrimps and young fish, since it occurs in the intertidal zone where waders feed on amphipods (Nair and Anger, 1979) .
We researched the life cycle of C. insidiosum because this species is the dominant amphipod in the Mar Piccolo estuary (Ionian Sea, Italy). The present study provides some information on its seasonal changes in abundance, population structure and reproductive features. These data are also compared with other available data on C. insidiosum and other Corophium species from different geographical areas.
MATERIALS AND METHODS
The study site is located in Mar Piccolo estuary (Ionian Sea, Italy; 40°29'17"N 17°14'23"E). (Fig.  1) . It is an inner, semi-enclosed basin with lagoon features characterised by restricted circulation and divided by two rocky promontories into two inlets called the First and Second Inlet, which have a maximum depth of 13 and 8 m respectively
We investigated the Second Inlet. Quantitative sampling of the amphipod population was performed monthly from April 2002 to March 2003. Three samples were taken randomly in a 300 m 2 area using a square metal box (25 x 25 cm; 15 cm depth). The amphipods were transported live to the laboratory, where they were sorted from the other species of animals after sieving the sediments through a 350 µm mesh. The specimens were fixed with 4% formalin, counted and measured under a stereomicroscope fitted with a micrometer eyepiece body. Size was measured along the mid-dorsal line, from the tip of the rostrum to the tip of the telson.
The amphipods were classified as juveniles, females or males. Females were distinguished by the presence of oostegites and males by the penial papillae. Females were separated into three groups: 1) immature: with small and non-setose oostegites; 2) mature: with setose oostegites without embryos and 3) brooding females: with embryos or juveniles in the brood pouch. Sexual dimorphism was only evident in adult animals due to the size and shape of the rostrum and antennae 2. Below a body length of 2 mm it was difficult to separate the sexes, and these small immature individuals were classed as juveniles.
The total number of individuals collected in the quantitative samples x m -2 was calculated each month for each sample.
The population was analysed by the graphical analysis of polymodal frequency distributions (Harding, 1949) .
The sex ratio (females/males) of the population was estimated and deviations from unity were assessed with a χ 2 test.
The embryos of each brooding female were counted and classified in the four developmental stages (A, B, C, D) described by Janssen et al. (1979) for the genus Gammarus.
The relationship between brood size (y) and female body length (x) was analysed using a linear regression analysis. Water temperature, salinity, pH and dissolved oxygen were measured monthly using a multiparametric sampler "ME CTD 1500".
RESULTS
Data on the values of physical factors in the area investigated during the whole study period are shown in Table 1 (Perkins, 1974) . Oxygen concentrations ranged from 5.08 mg/l to 9 mg/l and the organic matter of the sediment was constant enough (0.95%-1.91%). There is a significant correlation between abundance of individuals in the samples and temperature (r= 0.65 p<0.05) but no other significant correlations were found between abundance and environmental factors.
C. insidiosum is present throughout the year in Mar Piccolo. The seasonal variation in abundance followed a similar pattern in all samples: densities reached the highest values in spring-summer (except July) followed by a rapid decrease in autumn-winter (Fig. 2) .
The occurrence of brooding females and the presence of juveniles in the population allowed the reproductive period to be determined. The monthly variations in frequency (%) of brooding in the total female population and juveniles in the total population are shown in Figure 3 .
Brooding females were found throughout the year showing higher values in spring and early summer followed by a decrease in autumn. Despite the presence of brooding females and mature females, breeding drastically decreased during the winter months and the production of offspring took place in April. The smallest brooding females were observed during the summer months. This seems to be linked to the fastest developing individuals with an advanced sexual maturation process. is represented in Figure 4 . A relationship was found between brooding and mature females (r=0.96 p<0.005), brooding and immature females (r=0.80 p<0.005) and mature and immature females (r=0.62 p<0.05).
The relationship between the number of eggs per brood and female body length was statistically significant (r=0.61 p<0.005) (Fig. 5) . In the winter months, females had a higher fecundity because of their larger size. The minimum size of a brooding female was 2.2 mm with 5 embryos, whereas the maximum brood size observed was 25 for a female of 4 mm.
Mean brood size was higher at the start of development than at the later stages ( Table 2 ). The eggs in the marsupium of a female were not always at the same development stage. Juveniles were also found inside the marsupium sometimes together with earlier egg developmental stages.
The sex ratio fluctuated throughout the study period and was biased in favour of females with the exception of May and February. In March the sex ratio was 1:1. The mean value in this study was 1.37: 1 (±0.5 SD) (Fig. 6) . Results of the χ 2 test of deviation of the sex ratio (χ 2 = 172.74; df=11 p<0.001) confirm the significance of the deviation from 1:1. Figure 7 shows the size frequency histograms for males, females and juveniles in all sampling months. Males and females became distinguishable at roughly >2 mm, reaching a maximum size of 5.6 mm for females and 6.0 mm for males during the winter months.
The population was analysed according to the size frequency polymodal distribution for recognizable cohorts (Fig. 8) . During the study period 7 to 8 new cohorts in all samples could be recognised from April to November. An initial recruitment peak occurred in spring followed by a constant trend in summer. Then a new peak occurred in September followed by a decrease during the winter months.
Four cohorts could be identified in all samples on the first sampling date (05/04/02) for which a sufficient number of individuals could be found to perform modal analysis. Taking into account the average body length at the moment of detection, cohort C4 was assumed to be new born.
Seven new cohorts were identified during the next eleven months. The minimum average size at the moment of recovery ranged from 0. (December and April respectively), while the maximum average size ranged from 2.5 mm to 6 mm in samples 3 and 1 respectively (February). Size fluctuations also had a similar seasonality in females and males: mean lengths of both were highest in winter and lowest in the summer and autumn months.
Cohorts born in spring still reproduced in the same season, but lived less time and did not survive the winter. Considering the disappearance of cohorts, their life span was estimated to be 4 to 5 months. The longest life spans were observed in cohorts born in late summer which have over-wintered and lived for a longer time (6 months).
DISCUSSION
Population density showed a clear seasonal variation with a maximum in spring-summer and a minimum in autumn-winter. The increase in population density in the spring and summer months is a natural consequence of recruitment, while the decrease in the autumn and winter months can be linked to both the end of the breeding season and to the tem- perature. Environmental factors such as temperature, salinity, oxygen concentration, quality and quantity of food may affect distribution and abundance of Corophium species. Low salinities in Buguglia lagoon, Corsica (Casabianca, 1972/73) and Monolimni lagoon, north Aegean Sea (Kevrekidis, 2004) caused mortality or/and emigration of C. insidiosum. In Areão, Portugal (Cunha et al., 2000) , the long periods of high temperatures (>24°C) and low oxygen content of the water increase the metabolic costs and can result in either mortality or emigration of C. multisetosum.
The reduction in population density reduces intraspecific competition (see Jensen and Kristensen, 1990 for C. volutator and C. arenarium), which favours breeding success. Extreme temperatures during the summer and winter may deter breeding, while moderate temperatures and salinity may be favourable for reproduction (Cunha et al., 2000) .
In the same study area, seasonal variation in population density of G. aequicauda followed a pattern comparable to that of C. insidiosum (Prato and Biandolino, 2003) .
Although brooding females were present all year in the C. insidiosum population, juveniles born in spring, grew, matured and became reproductively active during the summer months, giving rise to the next input of recruits in September-October. These represent the starting point of the overwintering generation, which grew during the colder months and reached larger sizes. Frequency of juveniles in the population decreased from November to February, which is associated with reduced adult breeding activity as the sea temperature decreases.
Corophium insidiosum's lifespan in Mar Piccolo fits the pattern known for this species from other Mediterranean areas (Casabianca, 1975; Kevrekidis, 2004) .
Individuals born during late summer had a longer lifespan than those born in spring. A similar trend was observed by Moore (1981) for the C. bonnelii population at Milliport and for C. multisetosum in Ria de Aveiro (NW Portugal). Different populations of C. insidiosum display a reduction in lifespan with decreasing latitude and increasing temperature (Sheader, 1978; Casabianca, 1967; Labourg, 1968) . This agrees with Nair and Anger (1979) , who observed that an increase in temperature of ~ 10°C reduces the lifespan of C. insidiosum by ~ 2 months.
During most of the study period, the sex ratio was favourable to females in Mar Piccolo. A female biased sex ratio appears to be the most common situation among Corophiidae (Sheader, 1978; Muskó, 1992; Rajagopal et al., 1999) . Under laboratory conditions Nair and Anger (1979) , observed a dominance of females in Corophium insidiosum and stated that males grew more slowly, matured at a smaller body size and age, attained a smaller maximum body length and lived for a shorter time than females. This was also observed by Kevrekidis (2004) in Monolimni lagoon. This contrasts with what was observed in Mar Piccolo where males grew more quickly and attained a larger maximum body length than females. However, growth, maturation, longevity differential rates and predation can all result in skewed sex ratios (Wenner, 1972) .
The number of embryos produced per female increases with female size. Size at maturity is an important life-history parameter. Mature females of C. insidiosum were found at 2 mm length, and the first time females were observed brooding was when they reached a size of about 2.2 mm. Brood size in amphipoda is often reported as being proportional to female body length (Beare and Moore, 1996; Costa and Costa, 1999; Persson, 1999 and Cunha et al., 2000) . However, field studies suggest that environmental factors may also influence brood size. C. insidiosum in Mar Piccolo showed the same pattern observed in other populations of this species (mean 8.14, range 5 to 25 embryos). A brood size of 4 to 25 embryos was reported in Arcachon by Labourg (1968) ; a range of 4 to 21 embryos in Kysing Fjord Denmark by Muus (1967) and 1 to 21 embryos in NE England by Sheader (1978) . Kevrekidis (2004) states that low salinities in Monolimni lagoon might have caused a reduction in nutrient transfer to the gonads resulting in a smaller brood size than in other C. insidiosum populations (mean 4.96, range of 1 to 16 embryos). In laboratory cultures the brood size of C. insidiosum increased with increased temperature (Nair and Anger, 1979) . Cunha et al., (2000) reported a predictive model of fecundity for C. multisetosum from Portugal, which gives an optimal temperature of around 18°C and low fecundity at low salinities. In Mar Piccolo, the highest brood size of the given size classes was recorded in April and October (20 to 19°C, 35.44 to 36.42‰ respectively) Brood size was higher in the early stages than in later stages with an egg loss of 53.5%. This was also observed for the same species in Monolimni lagoon (53% between stages 3 and 5) (Kevrekidis, 2004) . This result was higher compared to that observed by Sheader (1978) for C. insidiosum (5 to 30% between early eggs and late eggs). In Mar Piccolo Gammarus aequicauda showed a decrease in brood size in the later stages compared to the brood sizes in the early stages, with an embryo number lower than 29.7%. (Prato and Biandolino, 2003) .
The results shown here are in agreement with the life history variations in Corophiidae and give new data on the species, since the biological and ecological information on this species is insufficient, especially concerning populations from southern European coastal areas.
